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Effects of Tai Chi on Lower-Limb Myodynamia in the Elderly People:  
A Meta-Analysis 
LIU Bao ߬䉍 1, LIU Zhai-hua ߬ᆼढ 2, ZHU Hui-erᴅ᜻ܓ 1, Mo Jia-ci㥿ᆊ䌤 3, and CHENG Dong-hai៤ϰ⍋ 3 
Objective: To assess the effects of Tai Chi (Chinese shadow boxing exercise) for improving the lower-limb muscle 
strength in elderly people. 
Methods: The PUBMED database (from 1950), EMBASE-ASP database (from 1974), Cochrane Library (from 
1991, Elsevier sciences database (from 1990), OVID full text database (from 1997), Springer-link database (from 
1997), The National Research Register database, ISI Web of knowledge (from 1963), Chinese Medical Citation 
Index/Chinese Medical Current Contents (CMCI/CMCC, from 1989), China Knowledge Resource Integrated 
Database (CNKI, from 1915),VIP database (from 1989), and Wanfang database (from 1977) have been searched 
only for the English and Chinese literatures updated to 10-30-2010. Two researchers independently assessed the 
methodological quality of studies, extracted and checked the data one another according to the include/exclude 
standards. Disagreement was resolved by discussions or with the third person. The Review Manage Software 5.0 
was used for Meta-analysisˊ
Results: Eventually, 2 randomized controled studies and 2 non-randomized controled studies met the inclusion 
criteria, with 163 subjects involved in the present meta-analysis. The meta-analysis demonstrated that Tai Chi 
exercise could improve the ankle flexor/extensor muscle strength and the knee extensor/flexor muscle strength, 
tested with an isokinetic dynamometer. The limb muscle strength increased significantly after Tai Chi exercise 
(P<0.01). 
Conclusion: The meta-analysis favours Tai Chi exercise for improving the lower-limb muscle strength in the older 
people. 
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The declined muscle strength in the elderly people may 
hinder them in daily activities.1 The previous studies 
have demonstrated that Tai Chi exercise can improve the 
physical functions, thus raising the quality of life. 
Physical training can give positive effects for many 
problems commonly seen in the old people.2 Many of 
these studies concluded that Tai Chi can improve the 
limb strength for those who participate in the training 
program. However, few of the studies draw a conclusion 
that the beneficial effects of Tai Chi on musculoskeletal 
health are mediocre and may not be translated into better 
clinical outcomes.3 
Up to now, the convincing qualitative evidence to 
estimate the effects of Tai Chi on lower-limb muscle 
strength is still lacking, and meta-analysis addressing it 
has been published yet. To better inform the elderly 
people and physicians, the authors systematically 
reviewed the quantitative and qualitative relationship 
between Tai Chi and the lower-limb muscle strength 
outcomes by critically appraising and synthesizing the 
evidence from all published studies in the East and West. 
METHODS 
Data Sources and Searches  
The authors conducted a comprehensive computerized 
search of the medical literature using 8 English databases: 
PUBMED database (from 1950), EMBASE-ASP 
database (from 1974), Cochrane Library (from 1991), 
Elsevier sciences database (from 1990), OVID full text 
database (from 1997), Springer-link database (from 
1997), The National Research  Register database, ISI 
Web of knowledge (from 1963). The authors also 
searched 4 major Chinese databases recommended by 
domain experts in evidence-based medicine in China 
including Chinese Medical Citation Index/Chinese 
Medical Current Contents (CMCI/CMCC, from 1989), 
China Knowledge Resource Integrated Database (CNKI, 
from 1915), VIP database (from 1989), and Wanfang 
database (from 1977). These  database have been 
searched up to October 2010. The authors also searched 
the reference lists for the selected articles and reviews. 
The searching terms for their review included “Tai Chi”, 
“Tai Chi Chuan”, “tai chi,” “tai ji,” “Tai Ji Quan”; and 
“muscle strength”, “quadriceps strength”, and “lower 
limb muscle strength”.1
The following inclusion criteria were used to select the 
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previously published studies: 1) should be a longitudinal 
study, including the randomized controlled trials (RCT), 
quasi-randomized trials, with pre- and post-intervention 
analyses; 2) Tai Chi should be one of the interventions 
investigated; 3) the Tai Chi training program should last 
at least over 4 weeks; 4) the evaluation should include 
the lower-limb; 5) age of the participants >50 years old. 
Data Extraction and Quality Assessment 
The authors assessed the characteristics of the original 
researches and extracted the data based on study design, 
demographics, type and duration of Tai Chi exercise and 
controls, the outcome measures of the limb muscle 
strength, results and/or the authors’ main conclusions. 
When data were not provided in publications, we 
contacted the authors for information. Two reviewers 
extracted the data and assessed the trial quality of each 
study independently. The reliability was satisfactory 
(r90). The methodological quality for the eligible 
articles was evaluated based on the Cochrane Handbook
for Systematic Reviews of Interventions 5.0 version, 
which takes into account whether a study described 
randomization, blinding, and withdrawals/dropouts.4 
Eligibility of studies was assessed by two researchers 
independently. Disagreement was resolved by consensus. 
Assessment of Effect Sizes and Statistical Analysis
When the data were reported, the authors computed 
effect sizes (ES) in each study separately for the lower- 
limb muscle strength, including the muscle strength of 
the knee maximum voluntary isometic contraction 
(MVC), ankle flexors/extensors muscle strength and 
knee extensor/knee flexor muscle strength, tested with an 
isokinetic dynamometer. ES was determined by 
calculating the standardized mean difference between the 
groups. Overall outcome was assessed by pooling the ES 
of each study. 
The Review Manage Software 5.0 provided by Cochrane 
was used for statistical analysis. For continuous data, we 
calculated the weighted mean difference, expressed by 
point estimation and 95% confidence interval. Where 
medians and ranges were reported, these replaced means 
and standard deviations (SD). When the test for 
heterogeneity could be done among the studies, the fixed 
effect model was used; in view of significant 
heterogeneity, random-effect models were used for 
pooling. Heterogeneity was estimated with the I2 statistic 
for both the RCT and non-randomized trials (NRT).  
The results of the meta-analyses are reported as Forest 
plots. Forest plots display the results of the meta- 
analyses in graphical format (Figures 2–8). These graphs 
represent the variation between the results of the various 
studies and an estimate of the overall effect size of all the 
studies together, considering the data available for each 
study included in the meta-analysis.5 Each line of the 
Forest plot represents an individual study/comparison. 
The position of the square in relation to the vertical axis 
represents the point estimate of the results of a particular 
study. The overall estimate from the meta-analysis and 
its confidence interval (CI) are displayed at the bottom of 
the plot, represented as a diamond.  
RESULTS 
The authors reviewed 84 English and Chinese articles 
and retrieved 35 full-text articles for detailed evaluation 
(Figure 1). Thirty-one studies were eliminated for not 
reporting the original or relevant muscle strength 
outcome data. Ultimately, four studies were identified for 
data abstraction and critical appraisal. This search did not 
identify any unpublished literature. 
Figure 1. Flowchart for selection of the studies
Initial Electronic Search Result : n=83
Excluded on basis of title and abstract
35 Full-text screened in detaisl for inclusion
Excluded for not fulfilling inclusion criteria : n=48
16 for final selected
4 included in the present meta-analyses
Excluded for not meeting inclusion criteria :n=19 
12 excluded on basis of design,
intervention, population, or duration of study
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Quality of Studies and Patients’ Characteristics 
Two RCT6,7 and 2 NRT8,9 studies met the inclusion 
criteria and entered into the meta-analysis. Three of them 
are written in English and one in Chinese. A total of 186 
elderly subjects in the community participated in the 4 
researches. The age of participants was from 58–91years. 
Tai Chi training lasted 3–12 months. There are 163 
participants completed the pre- and post-outcome 
measurement, including 70 man and 93 women. The 
change of the lower-limb muscle strength is the main 
outcome measure of the 4 literatures, 2 of them have 
reported the strength change assessed with the knee 
maximum voluntary isometic contraction (MVC),6,8 and 
one literature reported both extension and flexion 
strength of the ankl.6 Two studies have reported the knee 
extensor/flexor strength in the self-reported dominant 
leg,7,9 tested with an isokinetic dynamometer. In these 4 
literatures, the peak-attained oxygen uptake (VO2max), 
respiratory function tests, the flexion angle of thoracic/ 
lumbar spine were also measured after Tai Chi training 
besides the lower-limb strength. These 4 literatures were 
published in a period of, from March 1998 to August 
2005. For the flow diagram of selection of articles for 
inclusion, see Figure 1, for the characteristics of the 4 
articles, see Table 1; and for the quality assessment of 
the included studies, see Table 2. 
Meta-analyses  
Effect of Tai Chi on MVC: Two articles measured the 
change of MVC before and after Tai Chi training.6,8 
There are 45 individuals in Tai Chi group, 38 subjects in 
control group. The heterogeneity analysis shows 
I2>50%ˈrandom-effect models were used for pooling. 
The pooled mean difference between Tai Chi group and 
control group was 5.31 N (95% CI: 1.12–9.50, P<0.05, 
Figure 2). 
Effect of Tai Chi on the Knee Extensor/Flexor Strength: 
Two articles measured the change of he knee 
extensor/flexor strength in the self-reported dominant leg 
with an isokinetic dynamometer at the angular velocity 
of 60°/s-1.7,9 These 2 articles have reported the 
male/female stratified. The fixed effect model was used. 
The result of the meta-analysis shows that the 
improvement of the knee extensor/flexor strength in Tai 
Chi group is higher than the control group, no matter for 
males or females (Figure 3–6). 
Effect of Tai Chi on the Extension and Flexion Strength 
of Ankles: Only one paper reported the change of 
extension and flexion strength of the ankles before and 
after Tai Chi training.6 The meta-analysis shows that 
significant difference can be seen between the Tai Chi 
group and the control one (Figure 7,8). 
Table 1. Characteristics of the included studies 
Study Participants Design Interventions and duration Outcome measured 
Christou, 
E.A., et 
al. 20038
sedentary healthy older adults 
(71.9±1.8years) 
TCC group 
n=16 
Control group 
n=10 
TCC group: 1hr, 3×/wk, 20 weeks 
Control group: no 
interventions specially 
MVC, coefficient of  
variation (CV) of force 
during knee extension 
Choi, et 
al. 20056
aged 60 years or over, had at 
least one fall-related risk 
factors 
TCC group 
n=29 
Control group 
n=30 
TCC group: 50min, 3×/wk, 
12weeks 
Control group: no  
interventions specially 
MVC, muscle strength  
in ankle flexors, and  
extensors, flexibility, mobility, fall 
episodes 
LAN, et 
al.19989
58-70 years elder from 
citizen center, who had 
history of significant 
cardiovascular, pulmonary, 
metabolic, and muscu- 
loskeletal diseases were 
excluded. 
TCC group: 
Male n=9 
Female n=11 
Control group: 
Male n=9 
Female n=9 
TCC group: 1h,  
(4.6±1.3)/wk, (11.2±1.4) month 
Control group: no 
interventions specially 
The strength of knee extensor 
/flexor on an isokinetic  
dynamometer at the angular velocity 
of 60°/s-1, VO2max, Flexibility
Shudong 
Y. et al, 
20037 
60-70 years elder from 
community-dwelling 
TCC group: 
Male n=10 
Female n=10 
Control group: 
Male n=10 
Femal n=10 
TCC group: 1h, 7×/wk, 16weeks 
Control group: no 
interventions specially 
The strength of knee extensor 
/flexor on an isokinetic dynamometer 
at the angular velocity of 60°/ s-1
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Table 2. Quality assessment of the included studies
Quality AssessmentStudy 
Study type Sequence 
generation 
Allocation 
concealment
Blinding Withdrawal/Lost to 
follow-up 
Baseline Intention 
to 
treatment
Choi, et al. 20056 RCT Not adequate 
(coin tossing) 
unclear unclear Described clearly comparable unclear 
Shudong Y., et al.20037 RCT unclear unclear unclear unclear comparable unclear 
Christou, E.A, et al.20038 NRT No randomized unclear unclear unclear comparable unclear 
Lan, et al. 19989 NRT No randomized unclear unclear Described clearly comparable unclear 
Notes: RCT: Randomised controlled trial; NRT: Non-randomised trial. 
Study or Subgroup
Evangelos A,2003
Jung Hyun Choi,2005
Total (95% CI)
Heterogeneity: Tau² = 7.67; Chi² = 6.17, df = 1 (P = 0.01); I² = 84%
Test for overall effect: Z = 2.48 (P = 0.01)
Mean
7.97
5.35
SD
4.32
3.24
Total
16
29
45
Mean
0.43
2.09
SD
2.65
4.71
Total
10
30
40
Weight
47.9%
52.1%
100.0%
IV, Random, 95% CI
7.54 [4.86, 10.22]
3.26 [1.20, 5.32]
5.31 [1.12, 9.50]
Experimental Control Mean Difference Mean Difference
IV, Random, 95% CI
-10 -5 0 5 10
Favours control Favours tai chi
Figure 2. Meta-analysis for the effect of Tai Chi on MVC 
Study or Subgroup
Lan Ching,1998
yao yuan 2ˈ003
Total (95% CI)
Heterogeneity: Chi² = 0.26, df = 1 (P = 0.61); I² = 0%
Test for overall effect: Z = 3.58 (P = 0.0003)
Mean
23.13
18.2
SD
28.43
19.2
Total
9
10
19
Mean
-5.33
-2.7
SD
26.84
12.5
Total
9
10
19
Weight
23.6%
76.4%
100.0%
IV, Fixed, 95% CI
28.46 [2.92, 54.00]
20.90 [6.70, 35.10]
22.68 [10.27, 35.10]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-50 -25 0 25 50
Favours control Favours tai chi
Figure 3. Meta-analysis for the effect of Tai Chi on the knee extensor strength in males 
Study or Subgroup
Lan Ching,1998
yao yuan 2ˈ003
Total (95% CI)
Heterogeneity: Chi² = 0.49, df = 1 (P = 0.48); I² = 0%
Test for overall effect: Z = 3.27 (P = 0.001)
Mean
12.6
18.2
SD
18.14
19.2
Total
9
10
19
Mean
-0.78
-2.7
SD
15.41
12.48
Total
9
10
19
Weight
45.4%
54.6%
100.0%
IV, Fixed, 95% CI
13.38 [-2.17, 28.93]
20.90 [6.71, 35.09]
17.48 [7.00, 27.97]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-50 -25 0 25 50
Favours control Favours tai chi
Figure 4. Meta-analysis for the effect of Tai Chi on the knee flexor strength in males 
Study or Subgroup
Lan Ching,1998
yao yuan 2ˈ003
Total (95% CI)
Heterogeneity: Chi² = 0.04, df = 1 (P = 0.85); I² = 0%
Test for overall effect: Z = 4.13 (P < 0.0001)
Mean
16.11
15.8
SD
15.99
18.76
Total
11
10
21
Mean
-2.6
-4.7
SD
14.3
9.49
Total
9
10
19
Weight
49.0%
51.0%
100.0%
IV, Fixed, 95% CI
18.71 [5.42, 32.00]
20.50 [7.47, 33.53]
19.62 [10.32, 28.93]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-20 -10 0 10 20
Favours control Favours tai chi
Figure 5. Meta-analysis for the effect of Tai Chi on the knee extensor strength in females  
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Study or Subgroup
Jung Hyun Choi,2005
Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.12 (P < 0.0001)
Mean
2.22
SD
4.01
Total
29
29
Mean
-2.56
SD
4.87
Total
30
30
Weight
100.0%
100.0%
IV, Fixed, 95% CI
4.78 [2.51, 7.05]
4.78 [2.51, 7.05]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-10 -5 0 5 10
Favours control Favour tai chi
Study or Subgroup
Jung Hyun Choi,2005
Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.09 (P < 0.0001)
Mean
0.22
SD
6.38
Total
29
29
Mean
-6.87
SD
6.94
Total
30
30
Weight
100.0%
100.0%
IV, Fixed, 95% CI
7.09 [3.69, 10.49]
7.09 [3.69, 10.49]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-10 -5 0 5 10
Favours control Favours tai chi
Study or Subgroup
Lan Ching,1998
yao yuan 2ˈ003
Total (95% CI)
Heterogeneity: Chi² = 1.94, df = 1 (P = 0.16); I² = 48%
Test for overall effect: Z = 4.48 (P < 0.00001)
Mean
7.15
18.6
SD
10.35
11.08
Total
11
10
21
Mean
-2.6
-1.3
SD
14.3
9.22
Total
9
10
19
Weight
39.0%
61.0%
100.0%
IV, Fixed, 95% CI
9.75 [-1.42, 20.92]
19.90 [10.97, 28.83]
15.94 [8.96, 22.91]
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI
-20 -10 0 10 20
Favours control Favours tai chi
Figure 6. Meta-analysis for the effect of Tai Chi on the knee flexor strength in females  
Figure 7. Meta-analysis for the effect of Tai Chi on the extension strength of the ankle 
Figure 8. Meta-analysis for the effect of Tai Chi on flexion strength of the ankle  
DISCUSSION 
To our knowledge, this is the fist meta-analysis report for 
the effects of Tai Chi on the lower-limb muscle strength 
in the elder people. Muscle strength is important for 
daily activities, and elder adults are generally less able to 
control the muscle force compared with the young adults 
with both their upper and lower extremities.10,11 It 
declines faster in the lower body than in the upper 
body.12 Loss of the lower-body strength is a bigger 
problem than loss of the upper-body strength, increasing 
the risk of falling. In addition, the strength during 
concentric contractions declines to a greater extent than 
the strength during eccentric contractions.13 This is the 
reason why the elderly people have more difficulty in 
rising from a chair than in lowering into a chair.8 The 
inability to control muscle force means loss of movement 
accuracy.14 Therefore, the strength exercise that 
emphasizes the lower body is important in an training 
program for the elderly. Traditional strength training has 
been shown to improve the strength and control the force 
for hand muscle of the old individuals.15 Studies for the 
knee extensor training programs have reported a 
3%–21% increase in isokinetic strength.16 Previous 
studies have shown that the exercise, including 
concentric and eccentric contractions, is more effective 
for enhancing the muscle strength.17 Only a 2-week high- 
resistance training can increase the concentric strength 
by 10% and the eccentric strength by 13% to 19%.6 With 
the increasing of muscle strength, an increased level of 
daily activities can be expected in the elder people.18 
Tai Chi has been developed since the 17th century in 
China.19 In the past, people practiced Tai Chi as a martial 
art for combating purpose. Now, the emphasis has been 
more focused on its potential effects in health promotion. 
Tai Chi is performed in a semi-squat posture at a low 
speed. During the performance, various degrees of 
concentric and eccentric contraction are required for the 
lower extremities. However, excessive stress to joints 
should be prevented because most motions of Tai Chi are 
performed in a closed kinematic chain. In the present 
study, the meta-analysis has demonstrated that Tai Chi 
exercise can improve the muscle strength of maximum 
voluntary isometric contraction (MVC), ankle flexors/ 
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extensors muscle strength and knee extensor/knee flexor 
muscle strength, tested with an isokinetic dynamometer. 
The lower-limb muscle strength increased significantly 
after Tai Chi exercise (P<0.01). 
Most strength training studies have used equipments in 
the laboratory setting. Although a machine-dependent 
training program can enhance muscle strength, it is 
difficult for individuals to maintain the training 
throughout their lives. Tai Chi is an exercise with 
graceful gymnastic movements and can be practiced 
conveniently. So, it is feasible for a large group of the 
old people. Taylor-Piliae RE, et al. reported that Tai Chi 
can be a potent intervention for improving balance, the 
lower-body muscle strength in the old people.20-22 In the 
present study, the data indicated that Tai Chi training can 
increase the muscle strength of quadriceps concentrically 
and eccentrically.  
In conclusion, evidence has been shown in 4 of the 84 
RCT and NRT. Our qualitative evidence meta-analysis 
has demonstrated that Tai Chi program can enhance the 
lower-limb muscle strength in elderly people, no matter 
in a shorter (12W) or longer (12M) term. These findings 
provide an important information for future community- 
based Tai Chi training programs, which may reduce the 
disability from chronic illness conditions and enhance 
the physical functions in the elderly people.  
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